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Flat Fielding Solar Images Introduction

ChroMag is a solar full-disk imaging spectro-polarimeter. Itis used to infer the
magnetic field of the chromosphere by observing spectral lines sensitive to
magnetic fields. ChroMag is currently a prototype instrument that will eventually
be implemented at the Mauna Loa Observatory in Hawaii where it will be used to
study which magnetic configurations lead to flares and coronal mass ejections as
well as look at the origin of the solar wind.

Before data can be analyzed from ChroMag images, unwanted artifacts, such as
those caused by faulty CCD pixels and dust on the lenses, must be removed. In He I - 587.6nm
Figure 2. Dark image order to get an image ready for data analysis, first a dark image, taken with no light —
incident on the CCD (Figure 2), must be subtracted from the image and then the
resultant image is divided by a gain image taken with uniform illumination.

Flat field images with ChroMag are taken by inserting a diffuser between the
primary lens and the camera. This disperses the light for a more uniform image but
does not entirely ditfuse the light of the sun, leaving a part of the flat field brighter
than the rest (Figure 1). This extra light must be removed from the tlat field before it
can be considered a gain image. Many methods exist for removing this light by
combining multiple flat images with the sun in slightly different positions in the
image. However, ChroMag ultimately will not be able to off-point in a manner that
would allow for taking images like this, so another method is needed.

Figurel.Typical flat
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Figure 4. Chae method gain
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Figure 5. Solar image found
using the Chae method
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Figure 6. Gain image created by
fitting out the solar
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Flat Fielding Methods

The first method used was the Kuhn-Lin method.' This method stacked off-pointed flat field images to calculate the correct gain image. However
it created an edge effect for each iteration of the calculation (Figure 3) and could not be used if the offset distances were not known. A second
method was tried which could independently determine the exact offsets as well as correct for any light level variations between images (Figure 4).
This Chae method also produced a solar image that was removed from the flat (Figure 5).°

Since ChroMag ultimately will not be able to take off-pointed images another method was developed. The flat field image was fit with a two
dimensional second order polynomial that would be able to determine the solar image. This was then divided out of the image resulting in a gain
image similar to the gain image produced from the Chae method (Figure 6). Gain images were produced this way for images at five different
wavelengths (see Results). All of the gain images produced by the model deviated from the gain images produced by the Chae method (which were
assumed to be the ideal gain) by two to five percent when only comparing the solar region. Although the model approximates the gain fairly well,
the deviation would ideally be around one percent. Further refinement of the model may be able to narrow this gap.
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Flattening ChroMag: Flat Fielding Solar Images

ChroMag, a full-disk imaging spectro-polarimeter, is used to
infer the magnetic field of the sun's chromosphere.
Ultimately it will be used to study which magnetic
contigurations lead to flares and coronal mass ejections as
well as look at the origin of the solar wind. But before data
can be analyzed from ChroMag images, unwanted artifacts
from dust and faulty pixels must first be removed through
flat fielding. A diffuser is used to create a flat field solar
image but since the resulting image is not entirely flat,
further steps must be taken. Several methods were used in
attempt to create a uniform flat field image. Two oft-
pointing methods, the Kuhn-Lin method and Chae method,
were done by compiling multiple off-pointed images of the
sun. The Kuhn-Lin flats had edge etfects but the Chae
method results were usable A third method fit a model to
the image to remove the background solar image. All of the
flat fields produced by the model deviated from the flat fields
produced by the Chae method by less than eight percent
when compared with normalized root mean square error.



